Objectives: To understand knowledge about, and acceptability of, cervical cancer screening and HPV vaccines among medical students; and to explore potential factors that influence their acceptability in China.
Introduction
Cervical cancer is the third most common malignancy among women, with an estimated 528,000 new cases and 266,000 deaths worldwide in 2012 [1] . In China, its age-standardized incidence and mortality rates of 7.5 and 3.4 per 100,000 women respectively are lower than corresponding world statistics (14.0 and 6.8 per 100,000). Given the large population of China, absolute estimates of cases and mortalities still make it one of the top priorities for cancer prevention and control.
Cervical cancer can be effectively controlled through primary and secondary prevention such as cervical screening and prophylactic HPV vaccination. Since the Papanicolaou (Pap) smear test was introduced for routine screening, a substantial decline has been witnessed in cervical cancer deaths in developed countries in the last four decades [2] . It is a general consensus that the cytology screening for cervical cancer is effective in reducing the incidence and mortality in developed countries. Visual inspection with acetic acid (VIA) or Lugol's iodine (VILI), and HPV DNA-based testing are also utilized for screening purposes in developing [3] [4] [5] , and developed, countries [6] , respectively. Prophylactic HPV vaccines have become an established and vital strategy for primary prevention of cervical cancer [7] . Gardasil quadrivalent HPV 6/11/16/18 vaccine developed by Merck (Whitehouse Station, New Jersey, United States) and Cervarix bivalent HPV 16/18 vaccine by GlaxoSmithKline (Brentford, London, United Kingdom) are widely available in over 100 countries through regional or national immunization programs. They had been introduced into national immunization programs in at least 40 countries by the beginning of 2012 [8] . The effectiveness and safety of these have been established in clinical trials and post-market surveillance in populations [9] [10] [11] [12] . A systematic review of HPV vaccine clinical trials shows that efficacy is 50-90% in preventing intraepithelial neoplasm grade 2+ (CIN 2+) associated with HPV 16 and 18 [13] . Post-market experience also indicates that vaccine-type HPV prevalence in the US and the UK [14] [15] [16] and CIN 2+ incidence in Australia [9] decreased after the implementation of population-wide HPV vaccination programs.
However, health care providers have lagged behind in their efforts to improve screening for cervical cancer in China. There are no national guidelines for cervical cancer screening, though non-binding recommendations were made by the China Foundation of Cancer in collaboration with the Ministry of Health in 2009, that proposed cervical screening every 3 years for women between 25 and 65 years of age in urban areas, and between 35 and 65 years of age in rural areas [17] . There is no routinely organized national screening in the country. Since 2009 in rural China, free screening of cervical cancer has been available to a limited proportion of the target population in the form of government-sponsored mass screening [18] . An earlier large-scale free screening initiative based on visual inspection and cytology has only covered approximately10 million rural women between 35 and 59 years of age between 2009 and 2012 [19] , while hopes have been expressed that ongoing efforts will be able to screen 50 million women in rural areas aged 35-64 years by 2015. Despite the increase in reported mortalities due to cervical cancer among young urban women at an annual rate of 4.1% [20] , women in urban areas are referred to cervical cancer screening only on an opportunistic basis, or through employment-based physical examination [21] . In addition to limited coverage, the effectiveness of the cervical cancer screening program is hampered by the limited health care infrastructure available for the latest screening technologies, which also restrict attempts to promote the services nationally.
To date, the two prophylactic HPV vaccines available internationally are still to be approved by the China Food and Drug Administration, and are not commercially available in mainland China [19] . Clinical studies are underway among Chinese women: Gardasil and Cervarix have already been studied in trials for over four years, while a new HPV 16/18 vaccine by Xiamen Innovax Biotech (Xiamen, China) began the phase III clinical stage in 2013 [22] . An earlier systematic review showed that 69.7% of cervical cancer cases were attributed to HPV 16/18 in China [23] , which is similar to the estimate (about 70%) at the global scale [24] . Given these estimates, the efficacy of HPV vaccines in Chinese trials may hopefully not be very much different from those from international studies [13] . In addition, estimated HPV 16/18 positive fractions in high-grade squamous intraepithelial lesion, low-grade squamous intraepithelial lesion, and normal women were 45.5%, 32.23% and 4.6%, respectively [23] . HPV vaccines are expected to effectively avert cervical morbidity and mortality in China if it was routinely used in women.
With the rapid scale-up of cervical cancer screening and anticipation of licensure for prophylactic HPV vaccines in China, it is important to understand acceptability of, and possible barriers to, screening and vaccination among the population. To date, previous studies have explored these issues among women, parents of adolescents, female university students, health care providers, and health management staff for HPV vaccines [25] [26] [27] [28] , and among the female part of the general population for cervical cancer screening [29, 30] . However, none of these studies have directly surveyed current medical students for their knowledge and perceptions, although this type of study has been conducted in other countries [31] [32] [33] [34] [35] . Given that these students will be future health care providers, their attitudes could influence the success of screening and vaccination programs. To fill the gap in the research, we systematically conducted a large-scale survey among medical students to better understand their knowledge, the acceptability of cervical cancer screening and HPV vaccines, and explore potential factors that influence acceptability.
Materials and Methods

Study design and population
This cross-sectional study was conducted between May and September 2013 at six universities across southwest China, including Sichuan University and Chengdu Medical College in Chengdu, Luzhou Medical University in Luzhou, North Sichuan Medical College in Nanchong, Chongqing Medical University in Chongqing, and Kunming Medical University in Kunming. These universities are the principle institutions of medical education in three major provinces in southwest China. We planned to use 200-400 medical students from different years of study from each university as sample to ensure diversity. In addition, 5-6 whole classes of medical undergraduates were selected from clinical medicine and other non-clinical major subjects such as nursing, dentistry, public health, pre-clinical science, and medical technological science. Clinical medicine and non-clinical majors have different foci in China: clinical medicine and dentistry involve more clinical work, while other major subjects may focus on medical lab science, health management, public health, and other health related work. Due to financial and logistic constraints, the classes from each university were surveyed based on convenient contact points instead of a random sampling process. The study was approved by the Ethics Committee of Sichuan University Fourth Hospital/West China School of Public Health.
Study procedure
We used a 58-item questionnaire comprised of three sections of closed-and open-ended questions relating to basic information concerning participants, knowledge and perceptions of HPV, cervical cancer, HPV vaccines, cervical cancer screening, and sexual attitudes and behavior ( Figure S1 ). The provisional questionnaire was formulated based on earlier ones used for similar studies in China [25] [26] [27] and abroad [33, 35] for survey purposes. It was revised according to comments solicited from colleagues who had administered similar surveys for earlier studies [25] [26] [27] . It was piloted by ten medical students in the Chinese Academy of Medical Sciences Cancer Institute, and changes were made to the questionnaire based on their comments regarding the appropriateness of contents and language. The pilot survey procedure was repeated on another ten medical students from Sichuan University. The questionnaire was finalized after internal discussions following the two pilot surveys.
Collaborating staff and medical students were trained on administering the questionnaire, and conducted the survey before or after class at each university between May and September 2013. Survey objectives were explained to potential participants before each survey. The medical students were free to participate, or not, at their discretion. The informed consent form was bound together with the questionnaire when it was handed out to them. Since the survey was anonymous to protect privacy and ensure data integrity, there was no request for a signature on the consent form if they agreed on the survey; they could choose to answer the questionnaire if they consented verbally or just leave it blank if they did not after reading the consent form. In accordance with the ethics committee document, no consent, verbal or written, was requested from parents or guardians of any participants. Our surveyors were responsive to queries about the questionnaire itself during the survey.
Completed questionnaires from each university were delivered to the Data Management Team in the West China School of Public Health. Data were entered and managed by the team in a database that had been developed by EpidData v3.1 (EpiData Association, Odense, Denmark).
Statistical analysis
IBM SPSS 19.0 (Armonk, New York, USA) was used to analyze the data. Demographic information, selected questions regarding HPV and cervical cancer related knowledge, and perceptions of cervical cancer and screening were presented as frequencies and percentages. Perceptions and concerns of primary and secondary prevention of cervical cancer were compared between males and females using the Chi-square test. Univariable logistic regression analysis was conducted to predict factors influencing the acceptability of cervical cancer and HPV vaccination, and the overall predictive model was established using multivariable logistic regression analysis based on factors of statistical significance. All tests were two-tailed with a significance level of 0.05.
Results
Demographic characteristics
A total of 2150 medical students were approached, and 2000 successfully completed the questionnaires. However, another 122 questionnaires were discarded because they contained answers to only a few questions, or contained inconsistencies in the answers. Demographic characteristics of the final 1878 medical students are summarized in Table 1 . These students consisted of 595 males (32.1%) and 1260 females (67.9%). The mean age was 20.8 (standard deviation: 1.3) years. 91.8% were of Han Chinese ethnicity, and 43.8% majored in clinical medicine. Most were second-year (36.2%) and third-year (37%) students. 85.1% of the students did not have clinical internship at the hospital. Regarding sexual attitude and behavior questions, 51.0% and 15.2%, respectively held neutral and positive attitude towards premarital sexual behavior, and 8.3% had previous experience of sexual activity.
Knowledge of HPV, cervical cancer, HPV vaccines and cervical cancer screening
Responses to selected knowledge questions from the questionnaire are presented in Table 2 . 76.5% of the medical students were aware of HPV, but only 29% knew there is an HPV vaccine available worldwide. Only 14.4% thought that persistent HPV infection was the necessary cause of cervical cancer. 47 .8% thought that cervical cancer may be cured, while 48.8% and 80.1% believed that cervical cancer may be prevented by HPV vaccines or cervical screening. In addition, 72.6% agreed that women who had already been vaccinated require cervical screening. In general, higher percentages of women knew the correct answer to each selected knowledge question (Table 2 ).
Perceptions of HPV vaccination and cervical cancer screening
Perceptions of HPV vaccination among medical students are shown in Table 3 . 60.2% of the medical students would like to receive or recommend HPV vaccination (49.3% for males versus 65.3% for females, P,0.001). 60.8% of female students though HPV vaccines could be given to boys, as compared to 50.0% of males students (P,0.001). 36.8% of male, and 34.6% of female, students preferred HPV vaccination for adolescents aged 13-18 years, and 63.5% and 66.0% of them thought that the best time for HPV vaccination would be before becoming sexually active. Most students stated that the local Center for Disease Prevention and Control (CDC) is the most appropriate venue for HPV vaccination, and the least selected venue was school (24.2% versus 22.2%). Over 70% of medical students were willing to pay a price lower than 500 RMB (82 USD) for either imported or domestic vaccines. In addition, 45.8% medical students expressed preference for imported vaccines, while 36.5% would like to make their choice according to the price.
Perceptions of cervical cancer screening among medical students are presented in Table 4 . 71.2% of the medical students would like to receive or recommend cervical cancer screening (53.6% for males versus 79.4% for females, P,0.001). However, 45.2% and 39.6% of males and females were not aware of any existing screening techniques. 41.9% and 32% stated women ought to start being screened from 20 or 25 years, and 49.2% and 42.1% were of the opinion women should receive screening every year or every 2-4 years. 82.7% medical students thought a price below 100 RMB (16.5 USD) was reasonable for cervical cancer screening per occasion.
Concerns of HPV vaccination and cervical cancer screening
The concern about side effects (38.3% and 39.8%), and inadequate information (42.4% and 35.0%), were the obstacles most cited against receiving or recommending HPV vaccination and cervical cancer screening (Table 5 ). 81.5% of medical students favored a future HPV vaccination program in China, but about half of these would request pricing regulation and subsidy for recipients.
Correlates with acceptability of HPV vaccines and cervical cancer screening
Associations of acceptability of HPV vaccination and cervical cancer screening, with other factors, are presented in Table 6 . In this research, the acceptability corresponds to the two questions on whether students would like to receive or recommend HPV vaccination or cervical cancer screening in Table 3 and 4. Six out of nine variables (eight variables in Table 1 and HPV related knowledge score) analyzed were significantly associated with the acceptability of either HPV vaccination or cervical cancer screening in the univariable logistic analysis, and were thus incorporated into the multivariable logistic modeling. Female students were more likely to accept HPV vaccines (OR, 1.86; 95% CI: 1.47-2.35) or cervical cancer screening (OR, 3.69; 95% CI: 2.88-4.74). Students who showed negative attitude towards premarital sex were less like to accept either HPV vaccines (OR, 0.67; 95% CI: 0.47-0.96) or screening (OR, 0.68; 0.47-0.10). Those who scored high on the level of relevant knowledge were much more willing to receive or recommend vaccination (P, 0.001) or screening (P,0.001). In addition, non-clinical students showed lower acceptability of cervical screening compared to students in clinical medicine (OR, 0.74; 95% CI: 0.56-0.96). There were no statistically significant differences in acceptability of HPV vaccination or cervical cancer screening between students at different year groups (P = 0.218 and 0.091), and between students with or without clinical internship (P = 0.854 and 0.180). Moreover, non-clinical students did not express lower degree of likeliness to accept HPV vaccination (P = 0.376).
Discussion
To our knowledge, this is the largest multicenter study that has explored the acceptability of HPV vaccines and cervical cancer screening among medical students in China. One major finding is that 60.2% and 71.2% of medical students were willing to accept or recommend HPV vaccines and cervical cancer screening, respectively. Female students and students with improved knowledge were positive predictors for both HPV vaccines and screening, while a negative attitude towards premarital sex was a negative correlate for both. In addition, non-clinical students were less likely to accept cervical cancer screening. We also noticed certain concerns and perceptions of these students regarding future HPV vaccines and screening programs. In particular, the concern about side-effects and inadequate information were the two most cited concerns connected with HPV vaccines and cervical cancer screening among medical students.
The acceptance of both primary and secondary prevention of cervical cancer was relatively low in our study. The acceptability of HPV vaccines was similar to another study (67.8%) among medical students in India [33] . However, it was lower than estimates (over 75%) among women in the general population, government officials, medical personnel in cervical cancer screening program sites [25, 27] , and among a small sample of female college students [28] , but much higher than the 36.2% among parents of young adolescents [26] , or 40.8% among female sex workers in China [36] . The acceptability of cervical cancer screening was similar to that among women in the general population in a high-incidence area (also a cervical cancer screening program site) in China [29] and lower than the 85% in a small-scale study [37] . The higher acceptability of HPV vaccines and screening in cervical cancer screening program sites may partly be explained by years of educational campaigns as part of government sponsored mass screening programs and thus an increased knowledge level in these areas. Education programs among university students and employed women in mainland China [28] and among adolescents in Hong Kong [38] improved the acceptability of HPV vaccines by about 10%. This emphasizes the importance of targeted education for cervical cancer in school or elsewhere. Cervical cancer education is relevant also in regards to the poor knowledge of cervical cancer and its prevention. Fewer than 85% of medical students knew the right answer to all of the seven selected knowledge questions in our study. Surprisingly, only 14.4% and 29.0%, respectively, knew that persistent HPV infection was the necessary cause of cervical cancer and that there was a prophylactic HPV vaccine available for cervical cancer in the world. Fewer than 50.0% agreed that cervical cancer could be prevented by HPV vaccines, while 80.0% thought cervical cancer could be prevented by screening. All these daunting statistics point to the lack of necessary education about cervical cancer prevention for medical students in school. In addition, we found that a higher level of knowledge was positively associated with acceptance of HPV vaccines and cervical cancer screening, which is consistent with findings in other studies in mainland China [26, 27, 29, 37] . Since the medical students are future care providers and sources of medical knowledge, their knowledge and attitudes will directly impact the decisions concerning HPV vaccination and cervical cancer screening among patients [39] . Thus, improving medical students' knowledge of cervical cancer appears to be imperative in order to address the barriers to cervical cancer control programs in China. In addition to the knowledge level, factors such as gender, attitude towards premarital sex, and choice of major subject were important predictors of the acceptability of HPV vaccines and cervical cancer screening. Female medical students were more likely to accept vaccines and screening in our study, which is consistent with the findings for HPV vaccination among health care providers [27] . Since cervical cancer is a female malignancy, it is understandable that females may have better understanding of the disease and thus be more likely to accept prevention. In another study among parents of young adolescents, mothers were more reluctant to accept HPV vaccines for their children because they were more suspicious of newly-developed vaccines [26] . We found that students with negative or uncertain attitudes towards premarital sexual behavior are less likely to accept HPV vaccines or screening compared with those with positive attitudes. This may be explained by the likelihood that the latter students tend to seek out sexual health information and consequently know more about cervical cancer. Since HPV is a sexually transmitted infection, higher acceptance of HPV vaccines and cervical cancer screening among those who favor premarital sex is a good sign for prevention of the infection and cervical cancer. However, another study showed that women with first experience of sexual intercourse after the age of 21 years were more likely to receive screening than those who first had sex at, or before, the age of 20 [30] . This underscores the importance of cervical cancer education in the early period of college or university for medical students. In our study, clinical students more readily accepted cervical cancer than non-clinical medical students, which aligned well with a similar study among medical students in India [33] . Obviously, students in clinical medicine are more exposed to medical courses and other sources of health information. Perceptions of the timing, target population, and venue for immunization were explored in our study. 35.4% and 46.4%, respectively, thought that HPV vaccines ought to be provided at age 13-18 years, junior or senior middle school or equivalent, which is fairly consistent with the findings in another study among parents of adolescents [26] . The percentage of students who preferred vaccines before sexual debut was 65.1%, much higher than among other population groups in mainland China [25, 26, 40] probably due to the overall better knowledge of cervical cancer among medical students. Over half of the students thought that HPV vaccines can be given to boys. This is a positive signal for the possibility of an HPV vaccination program for men in future in China, because the quadrivalent HPV vaccine for males has been recommended to prevent genital warts and HPV transmission by the Advisory Committee on Immunization Practices in the United States since 2009 [41] . Of course, since there are uncertainties around the evidence of cost-effectiveness for vaccination among males in other countries [42] [43] [44] , it is still early to consider this possibility in China. Consistent with an earlier study [26] , local CDC was the most-cited venue for immunization. Although school-based HPV vaccination programs have been applied in other countries, it might add huge administrative costs in China where the CDC network is an existing system for the delivery and management of vaccines [45] . With wide acceptability, the local CDC can be recommended as a venue for HPV vaccination in the future. Over half of students were willing to pay a price lower than 300 RMB (50 USD) for domestic or imported HPV vaccines, and a much higher percentage of students would like to receive or recommend imported vaccines, which might reflect their lack of confidence in the effectiveness and safety of domestic vaccines [46] . Current bivalent and quadrivalent vaccines are close to the end of clinical trial in China, while domestically developed cheaper HPV vaccines are still at early Phase III trial. Current HPV vaccines are expensive (about 400 USD for three doses) considering the average Chinese purchasing power, and they are expected to be more expensive than domestic vaccines. Earlier studies in other countries indicate that the price of HPV vaccines is a barrier to immunization among the population [47] [48] [49] . In addition, 40.9% of medical students requested price regulation and subsidy for future HPV vaccine programs. In this regard, heavy subsidies for HPV vaccines would be required from the government, or external funding bodies to increase the coverage if they were paid out of pocket in future.
Perceptions of techniques, onset, interval and pricing of cervical cancer screening were assessed in this study. To our surprise, 41.4% of medical students did not know any screening techniques; only 31.6% and 41.1%, respectively, knew the two common techniques, Pap smear and HPV DNA testing. The fact that these two techniques are widely used in clinical practice reflects problems with emphasis on cancer treatment instead of screening and prevention [19] and inadequate education in cervical screening in medical school [50] . The recognition of these problems can be seen in the recent call for cancer screening education in Chinese medical schools [51] . It is recommended that screening should be routinely utilized in women immunized with full doses of HPV vaccines since the vaccines mainly protect against cervical cancer attributable to HPV 16/18 [52] . However, only 72.6% believed that women who have already been vaccinated require cervical screening. Thus education for cervical screening is still relevant in China in an era of HPV vaccination. Table 4 . Perceptions of cervical cancer screening among medical students (N = 1878). Table 5 . Concerns of HPV vaccines and cervical cancer screening among medical students. Neutral, since the price will be high and the consumption capacity of ordinary Chinese should be considered. Table 6 . Logistic regression analysis of acceptability of HPV vaccines and cervical cancer screening among medical students. The level of HPV related knowledge was represented by a summary score, and 1 score was given only if a right answer was given for one of the 7 selected questions in Table 2 . doi:10.1371/journal.pone.0110353.t006
41.9% and 32% of medical students thought women should start being screened at 20 years and 25 years, respectively, while 49.2% and 42.1% considered that screening should be given every year and two to four years, respectively. Current guidelines in the US recommend cytology-based screening women aged 21 to 65 years every three years, or for women aged 30 to 65 years who intend to increase the interval, concurrent screening with cytology and HPV DNA testing every five years [6] . In this regard, half of the medical students had an erroneous belief as to the starting age and interval for screening. This might be deeply rooted in the practice in mainland China that many organized health programs such as employment-based physical examination include annual cervical screening [53] , partly due to lack of Chinese guidelines for cervical screening. This gap in practice might be reversed through education of medical students in school.
There are certain limitations in the study. Firstly, the medical students surveyed were selected from medical universities or colleges in southwest China. The results may not be readily generalizable to the medical students in other areas, since cities in this part of China are generally less developed economically. However, since students from both cosmopolitan areas such as Chengdu and small cities were sampled, the conclusion may reflect part of the actual medical education scenario. Secondly, since we did not use a standard validation procedure for the questionnaire design, information collected might not be completely representative of actual conditions due to lack of validity and reliability measures. However, we did carefully incorporate input and comments from former staff in the field and participants in pilot surveys in designing the questionnaire, and this transparent procedure can ensure a relatively reliable and valid questionnaire. Thirdly, caution should be taken when interpreting the acceptability of HPV vaccines and cervical cancer screening among medical students. Acceptability may not necessarily mean that they will advise use of vaccines in practice. Knowing something good does not translate into practicing something good. Some factors that might influence their acceptability such as religion and concern for promiscuity are not analyzable in current study. Fourthly, our results only reflect the status quo of current cervical cancer education for medical students. Most of them may increase their knowledge rapidly in health care practice. Finally, constrained by the design, the study might be subject to selection and information bias due to some participants' refusal to participate and data missing in completing the questionnaires by some medical students.
In conclusion, the study indicates low acceptability of HPV vaccines and cervical cancer screening among medical students. The acceptability is associated with relevant knowledge, gender, attitude towards premarital sexual behavior, and the area of major in a course of medical studies. It is important to improve the knowledge of HPV and cervical cancer among medical students in order to supply well-informed health care providers for prevention and control of cervical cancer. Figure S1 Supplementary questionnaire: the questionnaire was used to survey the knowledge and awareness of HPV, cervical cancer, HPV Vaccines, and cervical cancer screening among medical students in Southwest China. (DOC)
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